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(57) [Abstract] 

[Constitution] Li 2 Mn03 and Li M02 (However, as for M i 
s chosen from Co and Ni element of theat least one kind 
which) with composite particle it is used as electrode material 
ofthe positive electrode. 

[Effect®] Because activity of Li MQ2 which possesses high act 
ivityvis-a-vis disassembly of solvent of nonaqueous electrolyte 
solution it has decreasedwith composite making of Li 2 Mn03 
disassembly of solvent with surfaceof positive electrode is 

difficult to happen, charge-discharge nonaqueous electrolyte 
solution is diflficultto deteriorate over agria Because of this, 
this invention battery is superior in charge-discharge cycle 
property. 
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[Qaim(s)] 

[Claim 1] In lithium secondary battery which has with positive e 
lectrode and negative electrode and nonaqueous electrolyte 
solutionwhich consists of solute and solvent, aforementioned 
positive electrode,the Li 2 Mn 03 and Li MO2 (However, as 
for M is chosen from Co and Ni element of theat least one kind 
which) with lithium secondary battery which designates that 
thecomposite particle is designated as electrode material as 
feature. 

[Claim 2] Aforementioned composite particle, Li M 02 in parti 
cle interior, in particle surface,containing Li 2 Mn 03 
respectively, lithiumsecondary batteiy which it states in 
theClaim 1 which is something which becomes. 

[Claim 3] As for aforementioned composite particle, Li M Q2 a 
nd Li 2 Mn 03 in particleexisting together in uniform, lithium 
secondary battery which is stated in Claim 1 which is something 
which becomes. 

[Qaim 4] As for aforementioned composite particle, lithium sec 
ondary battery which is stated in theClaim 1 where value of 
ratio of number of atoms of Mi for total number of atoms 
ofthe M and Mn is something of 0.005 to 0.2. 
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[Qaim 5] Aforementioned solvent, with cyclic carbonate ester , 
lithium secondary battery which is stated inthe any of Claims 
1 through 4 which is acyclic carbonic acid ester or cyclic 

carbonate ester and acyclic carbonic acid ester amixed solvent. 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention related to lithiu 
m secondary battery, details designated that charge-discharge 
cycle property ofthe lithium secondary battery which designates 
LiMQ2 (However, as for Mat least one kind of Co and Ni) as 
positive electrode active material is improved asthe objective, it 
regards improvement of positive electrode. 

[0002] 

[Prior Art And Problems To Be Solved By The Invention] Rece 
ntly, lithium secondary battery, voltage raising is possible from 
fact that it isnot necessary to consider decomposition potential 
of water, by selecting the positive electrode active material 
appropriately, it is observed from fact that it possessesthe or 
other benefit where energy density is high, as secondary battery 
of next generation 

[0003] Therefore, as positive electrode active material of lithiu 
m secondary battery of high voltage type, in charged state, 
thelithium containing transition metal oxide which is displayed 
with LiCoQ2 , LiNiQ2 and Li Ni 0.5 Co 0.5 Q2 or other 
General Formula Li M Q2 (However, as for M at least one kind 
of Co and Ni)which show high voltage is proposed. 

[0004] But, originating in possessing activity where positive ele 
ctrode active material is higjwis-a-vis disassembly of solvent of 
. nonaqueous electrolyte solution, there is a problenthat in 
lithium secondary battery which uses positive electrode active 
material of this kind becausedisassembly of solvent happens 
with surface of positive electrode, the charge-discharge cycle 
property is not good. 

[0005] As for this invention, in order that this problem is solve 
d, being somethingwhich can be done, it is to offer lithium 
secondary battery where as for purpose,disassembly of solvent 
is difficult to happen, in charge-discharge cycle property 
issuperior. 

[0006] 

[Means to Solve the Problems] As for lithium secondary battery 
(Below "this invention battery " with it names. ) which 
relates to this invention in order to achieve theabove- 
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rrentioned object, aforementioned positive electrode, Li 2 Mn 
03 andtheLi M02 (However, as for Mis chosen from Co 
and Ni elerrent oftheat least one kind which) with is 
something which designates composite particle as electrode 
material inthe lithium secondary battery which has with 
positive electrode and negative electrode and nonaqueous 
electrolyte solution whichconsists of solute and solvent. 
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[0007] As above-rrentioned composite particle, for exanple L 
i M 02 in particle interior, Li 2 Mn 03 in theparticle surface, 
those which are contained respectively. You can list those 
where LiMQ2andLi2 Mn03 in particle existtogether in 
uniform Li M Q2 in particle interior, Li 2 Mn 03 in particle 
surface, composite particle which iscontained respectively, 
when obtaining lithium secondary battery where discharge 
capacity islarge is desirable. 
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[0008] In addition, as for composite particle in this invention b 
attery, value of ratio of thenumber of atoms of Mn for total 
number of atoms of M and Mn those ofthe 0.005 to 0.2 is 
desirable. When value of this ratio, deviates from this range, 
there is a tendencywhere charge-discharge cycle property 
decreases. 

[0009] As solvent of nonaqueous electrolyte solution of this in 
vention battery, when obtaining lithium secondary battery 
whichespecially is superior in charge-discharge cycle property, 
cyclic carbonate ester , acyclic carbonic acid ester or cyclic 
carbonate esterand acyclic carbonic acid ester nixed solvent is 
desirable. 

[0010] As cyclic carbonate ester, ethylene carbonate , propyle 
ne carbonate, butylene carbonate and vinylene carbonate 
areillustrated, dimethyl carbonate , diethyl carbonate and 
rrethylethyl carbonate are illustrated inaddition as acyclic 
carbonic acid ester. In cyclic carbonate ester, ethylene 
carbonate especially is desirable. 

[001 1] As solute of nonaqueous electrolyte solution of this inve 
ntion battery, LiPF6, LiC104,theLiBF4 and LiCF3SQ3are 
illustrated, but especially it is notrestricted. 

[0012] As negative electrode of thus invention battery, those w 
hich designate substance or themetallic lithium which 
intercalation and deintercalation doing lithium ion is possible as 
electrode material areillustrated. graphite, coke, organic 
pyrolysate or other carbon material and lithiunvaluminum 
alloy and lithium -tin alloy , the lithium- lead alloy or 
other lithium alloy is illustrated intercalation and 
deintercalation lithium ion as substancewhose it is possible to 
do. 
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[Work or Operations of the Invention] Becaise composite part 
icleofLi2 MnQ3 and Li M 02 (active substance) it is iced, as 
anode materialdisassembly of solvent with surface of positive 
electrode becomes difficultto happen, charge-discharge cycle 
property improves. As for this, Li 2 Mn 03 in composite 
particle, can think of activity of theLi M Q2 which shows high 
activity vis-a-vis disassembly of the solvent for sake of it 
decreases. In association, Li 2 Mn03 does not participate in 
charge-discharge . 

[0014] Especially, when Li MQ in particle interior, Li 2 Mn 
03 in particle surface, thecomposite particle which is 
contained respectively you use, as anode material charge- 
discharge cycle propertyit improves not only, reason is not 
certain at present, use ratio of Li M Q2 improving, it increases 
also discharge capacity. 

[0015] 

[Working Example(s)] Below, this invention furthermore is ex 
plained in detail on basis ofthe Working Example, but this 
invention it is not something which is limited in thebelow- 
mentioned Working Example, modifying appropriately in range 
which doesnot modify gist, it is something whose it is possible to 
execute. 

[0016] (Working Example 1) 

[Production of positive electrode] After mixing with Li 2 C03 
and Co C03 , with atomic ratio 1 .2: 1 .0 of the Li : Co, 1 0 hours 
thermal processing doing with 850 °C, it acquired Li 1.2 CoO 

2. Next, after mixing with this Li 1.2 CoO 2 and MnQ2, with 
atomic ratio 1.0: 0.1 ofthe Co : Mn, 10 hours thermal 
processing doing with 850 °Q it produced anode material. 



[0017] zoiEmttmz* xmytw+ftft&zm^ 
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[001 7] When you analyzed gradually from surface to particle in 
side this anode material,making use of X-ray photoelectric 
spectroscopy, with Ar ion etching, Mn not existing 
youunderstood in only surface. From this fact, this anode 
material, LiCoQ2 in particle inside, Li2MnG3 intheparticle 
surface, verified that it is something which consists of 
composite particle whichis contained respectively. 

[001 8] Next, after mixing with fluororesin as carbon powder an 
d adhesive as theabove-mentioned anode material and 
conductor, with weight ratio 80:10:10, molding doingin pellet, 
it produced positive electrode. 

[0019] [Production of negative electrode] Driving out metallic 1 
ithium rolled sheet, it produced negative electrode. 
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[0020] [Manufacturing nonaqueous electrolyte solution] 1 mole 
/liter melting LiPF6 in ethylene carbonate (EC), it manufactured 
nonaqueous electrolyte solutioa 

[0021] [Assembly of battery] This invention battery Al of posi 
tive electrode control of flat type was assembled theabove- 
mentioned positive electrode , making use of negative 
electrode and nonaqueous electrolyte solution ( battery 
dimension : outer diameter 24.0 mm and thickness 3.0 mm). 
Furthermore , microporous membrane of polypropylene was 
used as separator. 

[0022] (Working Exanple 2) After mixing with Li 2CQ3 and 
Co CQ3 and MnG2, withtheatorrac ratio 1.2:1.0: 0.1 of Li : 
Co : Mn, 2 0 hour thermal processing doing with 850 °Q it 
produced the anode material. 

[0023] This anode material, when was analyzed with X-ray phot 
oelectric spectroscopy which is similar toahead, Mn, it 
understood that it has been distributed to theuniform from 
surface over inside. From this fact, this anode material, verified 
that it is something whichconsists of composite particle where 
LiCoQ2 and Li 2 Mn 03 in particle existtogpther in uniform 

[0024] Next, other than thing which uses this anode material t 
his invention battery A2 wasassembled with as similar to 
Working Example 1. 

[0025] (Working Exanple 3) After mixing with Li 2C03 and 
Co C03 andNi(OH)2, withtheatorric ratio 1.2:0.5:0.5 of Li : 
Co : Ni, 10 hours thermal processing doing with 850 °C, it 
acquired the Li 1.2 Co 0.5 Ni 0.5 Q2. Next, after mixing with 
this Li 1.2 Co 0.5 Ni 0.5 02 and MnQ2, with atomic ratio 1. 
0: 0.1 ofthe Co+Ni : Mn, 10 hours thermal processing doing 
with 850 °Q it produced anode material. 

[0026] When you analyzed thus anode material, with X-ray pho 

toelectric spectroscopy which is similar toahead, Mnnot 

existing you understood in only surface. From this fact, this 

anode material, Li Co 0.5 Ni 0.5 Q2 in particle inside, Li 2 

Mi 03 in theparticle surface, \^fiedt^ 

which consists of composite particle whichis contained 

respectively. 

[0027] Next, other than thing which uses this anode material t 
his invention battery A3 wasassembled with as similar to 
Working Example 1. 

[0028] (Corrparative Example 1) After mixing with Li 2CQ3 
and Co C03, with atomic ratio 1.0: 1.0 ofthe Li : Co, 2 0 hour 
thermal processing doing with 850 °C, it acquired LiCoQ2. 
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mat 


KSSS (mAh) 


1 1M * n^B 


100 1M * 


A 1 


8 0 


7 6 


A 2 


6 8 


6 1 


A 3 


8 0 




B 1 


7 5 


2 6 


B 2 


7 5 


2 0 



[0 0 3 2] B1 StfSl cfe U , *«MHB»A 1 - A 3 
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Other than thing which uses this UC0Q2 as anode material 
comparison battery Bl wasassembled with as similar to Working 
Example 1. 

[0029] (Conparative Example 2) After mixing with Li 2CQ3 
and Co CQ3 and Ni(OH)2, with theatomic ratio 1 .0:0.5:0.5 of 
Li : Co : Ni, 2 0 hour thermal processing doing with 850 °Q it 
acquired the Li Co 0.5 Ni 0.5 02. Other than thing which uses 
this Li Co 0.5 Ni 0.5 02 as anode material comparison battery 
B2 wasassembled with as similar to Working Example 1. 

[0030] [Charge-discharge cycle test] Concerning this invention 
battery Al to A3 and comparison battery Bl ,B2, with 3 mA to 
4. 1 V aftercharging, with 3 mA charge-discharge cycle test which 
designates step whichdischarges as 1 cycle was done to 3.0V, 
charge-discharge cycle property of each batterywas inspected, 
result is shown in Figure 1 . Figure 1 , charge-discharge cycle 
property of each battery, in vertical axis discharge capacity 
(mAh), inaddition taking number of cycles (times) in horizontal 
axis, is graph which it shows. In addition, in Table 1, 1st cycle 
of each battery and each discharge capacity ofthe 100 th cycle 
are shown 

[0031] 

[Table 1] 



[0032] It understands that fromFigure 1 and Table 1, as for th 
is invention battery Al to A3,decrease of discharge capacity 
which accompanies repetition of charge-discharge 
incompari son with comparison battery B1,B2, is less, is 
superior in charge-discharge cycle property. 

[0033] Especially, Li MQ2 in particle interior, Li 2 MnQ3 i 
n particle surface, with thethis invention battery Al and A3 
which use composite particle which is containedrespectively as 
anode material, it understands that also discharge capacity of 
the charge-discharge cycle initial stage increases. 

[0034] (types of solvent of nonaqueous electrolyte solution an 
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d something related to charge-discharge cycle property) as 
sol ventof nonaqueous electrolyte solution, replacing to 
ethylene carbonate, other than thing which usesthe various 
solvent which it shows in Table 2 it assembled this invention 
battery A4 to Al 5 of thel 2 kinds where only solvent differs 
with as similar to Working Example 1. Next, charge-discharge 
cycle test was done with same condition as ahead concerning 
theseeach battery, 1st cycle of each battery and each discharge 
capacity of 1 00 th cycle weresougfrt. result is shown in Table 
2. Furthermore , also result of this invention battery Al which 
wasassembledwith Working Example 1, posting from Table 1, 
is shown in Table 2 . 



[0 0 3 5] 
[12] 



[0035] 
[Table 2] 



ms4 


' w » T -M* M ITT ^HV 


(mAh) 




1 *<f 


100 1M 9n>B 


A 1 


EC 


8 0 


7 6 


A4 


P C 


8 0 


7 0 


A5 


B C 


8 0 


7 0 


A 6 


DMC 


8 0 


7 4 


A7 


DEC 


8 0 


7 6 


A8 


MEC 


8 0 


7 4 


A9 


EC/DMC 


8 0 


7 4 


A 10 


EC/DEC 


8 0 


7 6 


All 


EC/MEC 


8 0 


7 4 


A12 


TH F 


7 5 


6 0 


A 13 


T - B L 


8 0 


6 3 


A14 


DME 


7 5 


6 0 


A 15 


EME 


7 5 


6 0 


(£> E C : V K P C : "/a 
h, B C : -f'+ V va-tf*- K DMC : S>> h 
, DEC:^if;i/*«*^K MEC : > * Jl>x* )l>$ - $ % 
- K THF : h * fc Kt>7* y. r - B L : r - 7 * * v $ \ 
y t DME: 1. 2 h*S/x*y, EM E : 1 , 2-xh* 
Y**/x* v 



[O O 3 6] S2IC*r«fc *«»A1, A4 
-A 1 114, *§£Wm7&A 1 2~A 1 SlZtt^T, 10 



[0036] As shown in Table 2, as for this invention battery A1>A 
4 to Al 1, discharge capacity of 100 th cycleespecially is large 
in comparison with this invention battery A12 to A15, quite is 
superior inthe charge-discharge cycle property, cyclic 
carbonate ester , it understands from this fact, as solvent of 
nonaqueous electrolyte solution inthe this invention, that it is 
desirable to use acyclic carbonic acid ester or cyclic carbonate 
ester and theacyclic carbonic acid ester nixed solvent. 
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[003 7] [fg£ft*u*<7)L i 2 Mn0 3 ^^gt3t 
, H^fu^L i 2 Mn0 3 **a*<*ftS9a(DjE 



[0 0 3 8] 0 21*. #B»lZ«fflLfc«^ttta*©L 

i 2 M n o 3 ^tgt^ttif ^5 ^ttOHSS , tK 
file 1 tf-f^BXtt 1 oo^-f ^;ua<DttBS* (m 

Ah) & % fltttlC«dfftt**<DCoat;Mnfl)l8IB* 

^iZ^f^MnCDlS^iacDhb^fit [Mn0JI*3&/ (C 

dftf 6Mn0JJS^-»<Dhk<Z)ilt4<O. 00 5-0. 2 T* 
ft-&«F£0)L i 2 Mn0 3 ^^fiflOffi^tMa^^&ft* 



[0037] Anode nnaterial of 9 kind where Li 2 Mn 03 content of 
composite particle differs(Li 2 Mn Q3 content of composite 
particle and something related to charge-discharge cycle 
property) depending upon themethod which is similar to 
Working Example 1 , was produced, other than thething which 
these anode material each same amount is used lithium 
secondary battery was assembled with as similar to Working 
Example 1 . Next, charge-discharge cycle test was done with 
same condition as ahead concerning theseeach battery, 1 st cycle 
of each battery and each discharge capacity of 100 th cycle 
weresought. result is shown in Figure 2. 

[0038] Figure 2 Li 2 Mn Q3 content of composite particle whi 
ch is lied for each battery andrelationship of charge-discharge 
cycle property, in vertical axis discharge capacity (mAh) of 1st 
cycle or the 100 th cycle, taking Co in composite particle and 
value of ratio of thenumber of atoms of Mi for total number of 
atoms of Mn (number of atoms / of Mn (number of atoms of 
number of atoms + Mn of Co)) inthe horizontal axis, is graph 
which it shows. In order from same Figure, to obtain lithium 
secondary battery which especially issuperior in charge- 
discharge cycle property, it understands that it is desirable to use 
theanode material which consists of composite particle of 
specific Li 2 Mn Q3 content where value ofratio of number of 
atoms of Mn for total number of atoms of Co and theMn is 0. 
005 to 0.2. 



[0 0 3 9] ±lBSJS«"Cld\ fcBWSH^SBaicB 



[0 04 0] 

ttSfrTSL i M0 2 <D3tt*<L i 2 M n °3 1 0)&£it 



[0039] With above-mentioned Working Example, listing case w 
here this invention isapplied to flat type battery to example, 
you explained, but this invention is notthe case that it is 
especially restriction in shape of battery ,is, something which 
such as cylinder it can apply to lithium secondary battery of 
theother various shape and rectangular type . 

[0040] 

[Effects of the Invention] Because activity of Li MQ2 which p 
ossesses high activityvis-a-vis disassembly of solvent of 
nonaqueous electrolyte solution it has decreasedwith composite 
making of Li 2 Mn 03 , disassembly of solvent with surfaceof 
positive electrode is difficult to happen, charge-discharge 
nonaqueous electrolyte solution is difficultto deteriorate over 
agaia Because of this, this invention battery issuperior in 
charge-discharge cycle property. 



[Brief Explanation of the Drawing(s)] 

[Figure 1 ] It is a graph which shows charge-discharge cycle prop 
erty of this invention battery and comparison battery 
whichwere assembled with Working Example. 
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[Figure 2] It is a Li 2 Mn 03 content of composite particle an 
d a graph which shows relationship ofthe charge-discharge cycle 
property. 
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[Figure 1] 
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[Figure 2] 
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